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Recently, two new ligands of the Arp2/3 complex have
been described that may shed light on the way cells orga-
nize complex networks of actin in response to signals.
Abp1p, a yeast protein involved in endocytosis, and cort-
actin, a mammalian src substrate, both enhance the ability
of the Arp2/3 complex to assemble branched actin ﬁla-
ment networks.
 
Actin polymerization is required for many types of cell mo-
tility. Within the past few years it has become clear that the
Arp2/3 complex is a key regulator of actin polymerization
downstream of various receptors (Machesky and Insall,
1998; Svitkina and Borisy, 1999). Perhaps the best-charac-
 
terized activators of the Arp2/3 complex are the Wiskott-
 
Aldrich Syndrome protein (WASP)* family proteins (Mullins,
 
2000). In a recent issue of 
 
The
 
 
 
Journal of Cell Biology, 
 
Goode
et al
 
. 
 
(2001)
 
 
 
showed that 
 
Saccharomyces cerevisiae
 
 Abp1p, a
protein that has been suggested to connect the actin cyto-
 
skeleton with endocytic trafficking, binds to and activates the
Arp2/3 complex. Cortactin, a mammalian Src kinase sub-
strate, has also recently been shown to activate Arp2/3 com-
plex–mediated actin assembly (Uruno et al., 2001; Weaver
et al., 2001). Unlike the WASP family, these proteins are
thought to be mainly involved in enhancing the branching
role of the Arp2/3 complex. These exciting findings suggest
that new classes of Arp2/3 complex modulating proteins
may account for some of the diversity of actin structures
found in cells.
The Arp2/3 complex contains seven subunits, two of
them related to actin (actin-related proteins). Arp2 and Arp3
may mimic the fast-growing end (barbed end) of an actin fil-
ament to allow the Arp2/3 complex to nucleate actin assem-
bly, cap the slow-growing end (pointed end), and cross-link
actin filaments (Mullins et al., 1998; Welch et al., 1998; for
review see May, 2001). The Arp2/3 complex nucleates new
filament branches from the side of existing filaments with a
 
characteristic 70
 
 
 
 angle between the branches. This process
is known as dendritic nucleation, and may provide a rigid
structure by which actin polymerization triggers membrane
protrusion (Mullins, 2000).
Although purified Arp2/3 complex weakly activates actin
nucleation, its activity can be dramatically enhanced by cel-
lular activators, including: the WASP family proteins (Ma-
chesky and Insall, 1998; Higgs and Pollard, 1999); the 
 
Liste-
ria
 
 protein ActA (Welch et al., 1998); the type I myosin
Myo1p from 
 
Schizosaccharomyces pombe
 
 (Lee et al., 2000);
and recently cortactin and Abp1p. Despite their diversity,
each activator interacts with the Arp2/3 complex through a
conserved sequence, the acidic “A” domain (Machesky and
Insall, 1998). However, the mechanism of stimulation of the
Arp2/3 complex differs from some of the activators. All
members of the WASP family and ActA appear to require
the monomeric actin-binding region (WASP homology
[WH]2) (Higgs et al., 1999; Machesky et al., 1999; Rohatgi
et al., 1999) (Fig. 1). However, fungal myosin I’s, lack this
sequence, but may interact with actin monomer binding
proteins such as verprolin or a yeast WASP homologue
(Evangelista et al., 2000; Lechler et al., 2000; Lee et al.,
2000). Abp1p and cortactin represent a novelty in the mech-
anism of activation of the Arp2/3 complex, in that they both
require a filamentous actin-binding region that consists of
an actin depolymerizing factor/cofilin homology domain, or
a six to seven–tandem repeat fragment, respectively. Thus,
actin monomer binding is not a strict requirement for Arp2/3
complex activation.
Abp1p has been implicated in endocytic processes, as it
has a redundant function with Sla2p in endocytic trafficking
and it interacts with other proteins that function in endo-
cytosis, such as Rvs167p/amphiphysin. Abp1p binds to
Rvs167p via the proline-rich region of Abp1p binding to the
Src homology (SH)3 domain of Rvs167p (Fig. 1). Abp1p
also has an SH3 domain at its COOH terminus (Fig. 1).
Goode et al
 
. 
 
(2001) show that the ability of Abp1p to bind
to the Arp2/3 complex and to actin filaments is also relevant
in vivo. A point mutation in Abp1p that makes it unable to
 
activate the Arp2/3 complex acts synergistically with a mu-
tation in fimbrin, an actin filament cross-linking protein.
Fimbrin has been connected with endocytosis (Kubler and
Riezman, 1993) and although current evidence is quite pre-
liminary, fimbrin and Abp1p may both have roles in linking
actin and endocytosis. It is not clear yet whether the mam-
malian homologue of Abp1p, Abp1, has a similar role. In
mammalian cells, Abp1 localizes to puncta in the perinu-
clear region, and upon activation of the GTPase Rac it trans-
 
Address correspondence to Laura Machesky, Division of Molecular and
Cellular Biology, University of Birmingham, School of Biosciences,
Birmingham
 
 
 
B15 2TT, UK. Tel.: 44-121-414-2504. Fax: 44-121-414-
5925.
 
 
 
E-mail: l.m.machesky@bham.ac.uk
*Abbreviations used in this paper: SH, Src homology; WASP, Wiskott-
Aldrich Syndrome protein; WH, WASP homology. 
680 The Journal of Cell Biology 
 
|
 
 
 
Volume 154, 2001
 
locates to the leading edge of the cell with the Arp2/3 com-
plex (Kessels et al., 2000). Although the mammalian Abp1
lacks the Arp2/3 complex binding domain A, it may use a
partner that could bind to the Arp2/3 complex. For exam-
ple, Abp1 binds to dynamin, a GTPase implicated in en-
docytic trafficking (Kessels et al., 2000), which in turn could
form a complex with WASP (Qualmann et al., 1999).
Cortactin has no direct homologue in yeast. In mammals
it is overexpressed in several cancers (Wu et al., 1991;
Schuuring et al., 1993), and it is localized in invasive struc-
tures that can degrade the extracellular matrix (Bowden et
al., 1999). Cortactin has been linked to cell–matrix contacts
through the Hax-1 and the polycystic kidney disease protein
PDK2 (Gallagher et al., 2000). It is a substrate of nonrecep-
tor tyrosine kinases, such as Src, Syk, and Fer (Wu et al.,
1991; Maruyama et al., 1996; Gallet et al., 1999), and when
it is tyrosine phosphorylated by Src it exhibits reduced actin
filament cross-linking ability (Huang et al., 1997). Like
Abp1, cortactin localizes to the leading edge of the cell in
lamellipodia, and in other punctate structures rich in actin
(Wu et al., 1991; Huang et al., 1998). It is also involved in
endocytic processes, colocalizing with actin and the Arp2/3
complex on endosomal vesicles (Kaksonen et al., 2000).
This colocalization may be by direct binding to the Arp2/3
complex, and/or through its COOH-terminal SH3 domain
which can bind to dynamin (McNiven et al., 2000) (Fig. 1).
Thus, cortactin may serve as a scaffold protein in various
large protein complexes used to regulate adhesion to the ex-
tracellular matrix, actin assembly, and/or endocytosis.
Both Abp1p and cortactin increase the affinity of the
Arp2/3 complex for actin filaments. For Abp1p, the increase
is as much as 30-fold. Although it has not yet been deter-
mined whether cortactin increases the affinity of the Arp2/3
complex for actin filaments, cortactin binds to filaments
with high affinity, giving it the potential to recruit the Arp2/3
complex and promote branching.
This ability to link the Arp2/3 complex and actin fila-
ments enables Abp1p and cortactin to activate the Arp2/3
 
complex. Abp1p induces actin nucleation through the Arp2/3
complex with the same efficiency as the 
 
Listeria monocytog-
enes
 
 protein, ActA, and uses similar sequences to WASP
family proteins (A and C domains, Fig. 1) to bind to and ac-
tivate the Arp2/3 complex. Cortactin modestly activates the
Arp2/3 complex–mediated actin nucleation, 
 
 
 
2–3-fold,
whereas ActA or WASP can activate it 
 
 
 
10-fold. Together,
cortactin and WASP show an 
 
 
 
20-fold increase in activa-
tion of the Arp2/3 complex, thus having a slight synergistic
effect. Both the actin filament and the Arp2/3 complex
binding domains of cortactin are required for the Arp2/3
complex activation.
Goode et al. (2001), Uruno et al. (2001), and Weaver et al.
(2001) indicate that Abp1p and cortactin activate the Arp2/3
complex by stabilizing its interaction with actin filaments,
acting as “hand-holds” for branching. One could imagine
that Abp1p or cortactin could displace WASP family proteins
by binding to the Arp2/3 complex, thus promoting stability
of filament branches. Alternatively, WASP family proteins,
Abp1p, or cortactin could be used in separate situations in
which different types of actin networks are required (Fig. 2).
It is likely that WASP family proteins activate the Arp2/3
complex by a “hit and run” mechanism (Higgs and Pollard,
1999), requiring only transient interactions, whereas Abp1p
binds more tightly to the complex. However, it is unclear
whether Abp1p is localized purely via binding to the Arp2/3
complex, or whether other signals such as activated small
GTPases could also direct it to the plasma membrane or to
sites of actin assembly. The mechanism of cortactin localiza-
tion to the membrane is also unknown. Notably, cortactin
can only bind to actin filaments every 15 actin monomer sub-
units, thus inducing branch formation separated by a charac-
teristic distance. With or without WASP, cortactin stabilizes
actin branches and protects them from debranching. The im-
portance of branching near the plasma membrane seems
clear, but the role in endocytic trafficking is less obvious.
As cortactin is overexpressed in many cancers (Schuuring
et al., 1993), it is striking that the overexpression of WASP,
Figure 1. Schematic representation of 
the sequences of the different Arp2/3 
complex activators: WASP, N-WASP, 
yeast WASP homologues (S. pombe 
Wsp1 and S. cerevisiae Las17p/Bee1p), 
Scar/WAVE, ActA, yeast Myosin-I ho-
mologue S. pombe Myo1p, Abp1p, and 
cortactin. All activators contain the A 
(acidic) sequence to bind to the Arp2/3 
complex. The WASP family proteins and 
ActA all contain one or two WH2 motifs 
that bind to actin monomer. Myosin I 
may recruit another molecule that binds 
actin monomers (such as a WASP homo-
logue). Abp1p and cortactin bind to ac-
tin filaments through the actin depoly-
merizing factor (ADF)-H/C–cofilin 
homology region and the tandem repeat 
region, respectively. B, basic; GBD, 
GTPase binding domain; PPPP, proline-
rich region; C, central basic region; 
SHD, Scar homology domain; WH2*, 
weaker homology to WASP. Although we have not drawn a basic sequence in yeast WASP, Las17p/Bee1p contains a cluster of basic residues 
in this region, whereas Wsp1p does not appear to. 
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Scar, Abp1p, and cortactin can all cause defects in actin or-
ganization that lead to malfunction of the cells (Drubin et
al., 1988; Machesky and Insall, 1998; Uruno et al., 2001). It
is unclear whether this is a general characteristic of all Arp2/3
complex activators, but it is possible that overexpression of
these proteins may cause delocalization of the Arp2/3 com-
plex, resulting in disruption of actin morphology. It would
be interesting to determine whether the delocalization of the
Arp2/3 complex is involved in the progression of tumors or
in the formation of the invasive structures where cortactin
localizes.
Because dendritic nucleation in lamellipodia is an active
process in which actin filaments must be assembling and dis-
assembling quickly, branch stabilization by cortactin must
be regulated. Perhaps tyrosine phosphorylation by Src could
downregulate cortactin’s branch stabilizing activity in order
to promote rapid turnover of actin networks and rapid mo-
tility. On the other hand, tyrosine kinase receptor activation
leading to cell motility or phagocytosis by the Fc receptor is
generally thought to promote the formation of branched
networks in lamellipodia; thus it is unclear how cortactin
may be regulated in this situation.
Future experiments might also address whether Abp1p
and cortactin function to activate the Arp2/3 complex by
themselves or always in concert with a WASP family pro-
tein, and whether these activities lead to the assembly of spe-
cific actin structures. Clearly, cortactin and Abp could stabi-
lize actin branches and alter the structure, rigidity, or
persistence of filament networks (Fig. 2). This could be ex-
tremely useful when the cell is forming specialized actin
structures. For example, filopodia do not contain visibly
branched actin filament networks, yet Cdc42 activation of
N-WASP is thought to be connected to filopodia formation
(for review see Mullins, 2000). Either this idea is wrong, or
actin structures formed by N-WASP and the Arp2/3 com-
plex are modulated to minimize branching and favor tightly
 
bundled parallel filaments. For example, downregulation of
cortactin in filopodia could lead to destabilization of
branches, and perhaps allow other cross-linking proteins to
dominate.
It seems clear that the Arp2/3 complex functions in large
multimolecular complexes. New activating and modulatory
proteins will no doubt continue to be found at a consider-
able rate. At present, our understanding of the Arp2/3 com-
plex is quite simplistic and depends almost completely on re-
constituted systems with at most a few purified proteins
present. Filling in the gaps in our understanding of different
actin assembly processes and actin structures in cells prom-
ises to keep the field busy for a while. Cortactin and Abp1p
are examples of the exciting connections between processes
such as membrane trafficking, adhesion, and actin assembly
that we are just beginning to understand.
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